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(54) ADAPTIVE ARRAY ANTENNA 

(57) An adaptive array antenna comprising a plural- 
ity of array antennas including a plurality of antenna ele- 
ments which are spaced at intervals at which a large 
correlation is exhibited, said array antennas being 
spaced at intervals at which the correlation is negligible, 
wherein diversity effects such as lading compensation 
are produced, interference waves coming from the 
same direction are eliminated, the gain is augmented by 
main beam tracking, and one or more calibration signal 
coupling parts and multi-beam synthesizing circuit are 
provided so as to remove individual variations in calibra- 
tion signals and to perform highly reliable calibration. 
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Description 

. TECHNICAL FIELD 

[0001] The present invention relates to an adaptive 5 
array antenna and a method for calculating a calibration 
amount of a receiving system of the adaptive array 
antenna and a method for calibration. 

BA CKGROUND ART w 

[0002] Generally, the adaptive array antenna is 
used for beam control of array antennas. There are two 
kinds of algorithms for the beam control, which are an 
interference suppression tracking type and a maximum is 
gain tracking type. In the interference suppression track- 
ing type, tracking is performed having a null point to 
interference waves and having strong directivity to 
desired waves. In the maximum gain tracking type, 
tracking is performed such that the receiving level of the 20 
antenna is maximized. In each of the types, a mobile 
station can be tracked by a main beam. At the current 
time, the spacing between elements of the array 
antenna is usually X 12 as shown in Fig.1 2. The reason 
for this is that a grating lobe may occur when the spac- 25 
ing is more than A/2 as shown in Fig.13. The grating 
lobe may increase interference since the main lobe can 
be distracted to an unnecessary direction. Although the 
width of the beam narrows, gain increase by this is not 
obtained. 30 
[0003] Because the spacing between elements of 
the an-ay antenna shown in Fig. 12 is narrow, the corre- 
lation between the elements is very high. Therefore, 
when the receiving level deteriorates due to fading, the 
deterioration influences all elements 1-8 which are 35 
included in the array antenna so that the deterioration 
can not be compensated for. Especially, the phenome- 
non is remarkable for a small sized array antenna which 
has about 4 elements. In addition, in the interference 
suppression tracking type algorithm, when there are 40 
interference waves coming from near the direction of 
desired waves, the interference suppression capability 
deteriorates remarkably since the interference waves 
exist in the main lobe. 

[0004] That is, in the narrow element spacing adap- 45 
tive signal processing, correlation of envelope and sig- 
nal between elements is extremely strong and the 
phase deviation is less than a wave length. In the inter- 
ference suppression tracking type algorithm, wait 
(phase and amplitude) of each antenna element is 50 
obtained such that the interference waves cancel each 
other out and the desired waves do not cancel each 
other out. Interference waves which come from a direc- 
tion different enough from the desired waves are input 
into the antenna as a signal having strong envelope and 55 
signal correlation like the desired waves. However, 
since the arriving angle is different, the phase difference 
of the interference waves between elements is different 



from the phase difference of the desired waves. As a 
result, the desired waves are not necessarily in opposite 
phase for a wait in which the interference waves are in 
opposite phase. In many cases, the desired waves 
operate as in phase. On the other hand, when the arriv- 
ing direction of the interference waves is close to the 
desired waves, the amount of phase shift of the desired 
waves and the interference waves is almost the same. 
Therefore, the attempt to cancel the interference waves 
may result in canceling the desired waves so that the 
interference suppression capability deteriorates. 
[0005] On the other hand, since a diversity antenna 
is designed such that the correlation between elements 
becomes small, the spacing between elements 21-28 is 
large as shown in Fig.1 4. Since the correlation is small, 
when the receiving level of an element declines, the 
receiving level of another element may be high. Gener- 
ally, a maximal ratio combining (MRC) algorithm is 
applied. According to the maximal ratio combining algo- 
rithm, receiving waves of each of the antenna elements 
21-28 are synthesized after assigning weights of 
envelop level of the receiving waves after placing the 
receiving waves in phase. According to this algorithm, 
the concept of beam control is not applied because the 
spacing between elements is large, thus, many ripples 
exists in the envelope which is the beam of each ele- 
ment. Therefore, tracking is not performed since too 
many main beams exists. Thus, the gain increase by 
narrowing the beam can not be expected. According to 
the algorithm, when there are the interference waves, 
the influence is directly exerted. Because, as mentioned 
above, in the synthesizing method, amplitude and 
phase are controlled such that signals of all elements 
can be received at maximum gain, and the interference 
waves and the desired waves are treated without dis- 
tinction. Accordingly, the method of the maximum ratio 
synthesizing diversity shown in Fig. 14 is effective for 
improving receiving characteristics of a desired station 
that has deterioration due to fading. However, the 
method does not contribute to improved interference 
characteristics. 

[0006] As mentioned above, the narrow element 
spacing adaptive array antenna of the interference sup- 
pression tracking type is effective in suppressing inter- 
ference waves other than from main beam. However, 
the antenna has no effect for suppressing interference 
waves in the main beam and fading. On the other hand, 
although the diversity antenna which has the wide ele- 
ment spacing can compensate for deterioration of char- 
acteristics of the desired waves due to fading, the 
diversity antenna has no effect pertaining to interfer- 
ence waves. 

[0007] In addition, there are two more combinations 
of antenna placements (narrow element spacing, wide 
element spacing) and algorithms (maximum ration syn- 
thesizing, interference suppression). First, the combina- 
tion is the maximum gain tracking type which uses the 
narrow element spacing as shown in Fig. 15 and the 
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maximum ratio synthesizing algorithm. Second, the 
combination is the interference suppression type which 
uses the wide element spacing as shown in Fig. 16. In 
the method shown in Fig.16. the antenna is set for diver- 
sity configuration and the algorithm Is the interference 
suppression type. According to the method, capability of 
interference wave suppression is kept as the basic char- 
acteristic of the algorithm. In addition, fading can be 
compensated for since the correlation between ele- 
ments is small in the diversity configuration. Especially, 
the characteristic is remarkable when the angle of 
spreading of arriving waves is large. A wait (phase and 
amplitude) can be determined such that many coming 
element waves of the interference waves are statisti- 
cally canceled out because phase differences due to 
the arriving angle are different. Therefore, even if the 
arriving angles are the same, a wait can be generated 
such that the desired waves become inphase and the 
interference waves become opposite phase. 
[0008] However, according to the combination 
method of the maximum gain tracking type which uses 
the narrow element spacing shown in Fig. 15 and the 
maximum ratio synthesizing algorithm, high gain can be 
obtained and the desired waves can be tracked with an 
antenna similar to the adaptive array antenna shown in 
Fig. 12. However, the method has no effect on interfer- 
ence waves and fading. In addition, according to the 
combination method using the wide element spacing 
and the interference suppression type shown in Fig.16. 
gain increase can not be obtained because the wkte- 
ness of the element spacing prevents tracking by the 
main beam. 

DI SC L OSU RE QF THE INVENTION 

[0009] One of the objects of the present invention is 
to solve the above-mentioned problems. The object is to 
provide an adaptive array antenna which has diversity 
effects such as fading compensation or the like, elimi- 
nates the interference waves from the same direction 
and increases gain by main beam tracking. 
[0010] In order to obtain effects which are diversity 
effects such as fading compensation or the like, remov- 
ing interference waves from the same direction and 
increasing gain by main beam tracking, the adaptive 
array antenna needs to be accurately calibrated. In the 
following, the calibration will be described. 
[001 1 ] In the adaptive array antenna, it is necessary 
that amplitude ratio and phase difference in a high fre- 
quency band occurring between element antennas are 
maintained to baseband on which signal processing is 
performed. Generally, since a cable, an amplifier, a filter, 
a mixer, a converter and the like have different elec- 
tronic characteristics, it is difficult to equate the ampli- 
tudes and phases of all the elements. (In the following, 
the electronic difference between elements will be 
called "individual variation".) In addition, it is practically 
impossible to equate the amplitudes and phases since 



there are differences due to temperature in addition to 
the general differences. Therefore, as shown in Fig. 17, 
it is conceivable to measure the amplitude ratio and the 
phase difference between the elements by providing the 
5 same calibration signals to each antenna and correct 
the amplitude ratio and the phase difference beforehand 
based on the measurement in order to keep the ampli- 
tude ratio and the phase difference constant within a 
fixed period. 

10 [0012] The calibration signal can be realized by 
inserting the signal into a frame format at each channel 
during constant time intervals of one minute or ten min- 
utes or the like. A calibration signal input terminal may 
be described as a switch type shown in Fig.18A in the 

15 following description. In addition, the terminal may be a 
type that connects to an antenna cable or the like elec- 
tromagnetically as shown in Fig.18B. In the switch type, 
communication is interrupted during the switching. On 
the other hand, the type using an electromagnet con- 

20 nection has the effect that there is no such interruption. 
In the Figs.18A, 18B, the array antenna is connected to 
the terminals a and b and the calibration signal is 
applied to the terminal c. 

[0013] The part where the calibration signal is 
25 applied is called a calibration signal coupling part, which 
includes the calibration signal input terminals of the 
switch type and the electromagnetically connecting 
type. 

[0014] Fig. 17 shows the array antenna which 

30 includes antenna elements #1-#4. Signals received by 
each of the antenna elements are applied to a distribu- 
tion and synthesizing part 134 via filters 103-106 and 
high frequency amplifiers 107-110. In the distribution 
and synthesizing part 134, the signal received by the 

35 y antenna is distributed to channels. Therefore, the sig- 
nals after the distribution and synthesizing part 134 are 
transmitted to a plurality of channels. However, one 
channel in the plurality of channels is shown in Fig. 17. 
The received signals distributed by the distribution and 

40 synthesizing part 134 are added at a signal adder 132 
via mixers 111-114, filters 115-118, intermediate fre- 
quency amplifiers 1 19-122, A/D converters (analog dig- 
ital converters) 1 23-1 26 and waits 1 28-1 31 . An adaptive 
signal processing device 133 controls amplitude and 

45 phase of the waits 128-131. As a result, the received 
signals are transmitted to a base station signal process- 
ing circuit. 

[001 5] The output from a calibration signal genera- 
tor 101 is split in four by a signal splitter 102 and at the 

so same time the calibration signals are applied to filters 
103-106 via cables 175-178 and calibration signal input 
terminals 166-169 in the antenna elements #1-#4. 
These signals are transmitted to the base station signal 
processing circuit in the same way as received signals. 

55 At the time, output signals from the A/D converters 1 23- 
126 are applied to a calibration amount calculator 127. 
The calibration amount calculator 127 compares the 
amplitude and the phase of each A/D converters 123- 
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126 with each other and calculates calibration amount 
for equalizing amplitude change and phase change 
between the antenna elements #1-#4 and the signal 
adder 132 in the receiving systems. The receiving sys- 
tem here is a system which includes a series of circuits 5 
for receiving connected to the output of the antenna. 
That is, the receiving system includes the filter, the high 
frequency amplifier, the mixer, the filter, the intermedi- 
ate frequency amplifier and the AD converter. Four 
receiving systems are included in Fig. 17. The calibra- 10 
tion amount is transmitted to the adaptive signal 
processing device 133. The adaptive signal processing 
device 1 33 stores the calibration amount in a calibration 
table (which is not shown in the figure). When the adap- 
tive signal processing device 1 33 performs adaptive sig- 15 
nal processing, the adaptive signal processing device 
133 controls the waits 128-131 by subtracting the cali- 
bration amount. 

[001 6] However, the calibration signals, provided to 
antennas, which are regarded to be the same, have the 20 
individual variations. In Fig. 17, the calibration signal 
generator 101 needs to divide the output signal into the 
same number of signals as there are elements of the 
array antenna and needs to transmit the calibration sig- 
nals to the calibration signal coupling part via the cables 25 
175-178. Since the cables 175-178 and the calibration 
terminals have individual variations (cable characteris- 
tics and cable lengths and the like), phase differences 
occur in the calibration signals. As a result, there is a 
problem in that a calibration error occurs. 30 
[0017] Thus, the second object of the present 
invention is to realize reliable calibration by eliminating 
effects based on the individual variations to the calibra- 
tion signal. 

[0018] The present invention has the following 35 
means as means for achieving the first object. 
[0019] The invention as claimed in claim 1 is an 
adaptive array antenna characterized in that said adap- 
tive array antenna comprises a plurality of array anten- 
nas including a plurality of antenna elements which are 40 
spaced at intervals at which a high correlation is exhib- 
ited; wherein said array antennas are spaced at inter- 
vals at which the correlation is negligible; and outputs. of 
said antenna elements being converted into baseband 
and adaptive signal processing being performed on said 45 
antenna elements simultaneously. 
[0020] According to the invention as claimed in 
claim 1, the spacing between array antennas is a dis- 
tance in which correlation can be neglected and adap- 
tive signal processing is performed on all outputs from so 
the antenna elements. Therefore, the adaptive array 
antenna has diversity effect such as fading compensa- 
tion or the like, removes interference waves from the 
same direction and improves gain for main beam track- 
ing. 55 
[0021] The invention as claimed in claim 2 is an 
adaptive array antenna characterized in that said adap- 
tive array antenna comprises a plurality of array anten- 



nas including a plurality of antenna elements which are 
spaced at intervals at which a high correlation is exhib- 
ited; said array antennas being spaced at intervals at 
which the correlation is negligible; each of said array 
antennas performing adaptive signal processing inde- 
pendently; each output of said array antennas proc- 
essed by adaptive signal processing being further 
processed by adaptive signal processing. 
[0022] According to the invention as claimed in 
claim 2, adaptive signal processing is performed in each 
array antenna which has a plurality of antenna elements 
which are separated from each other at a distance 
which induces a high correlation. Therefore, gain can be 
further improved by main beam tracking. Additionally, 
adaptive signal processing is further performed on each 
output of the array antenna on which output adaptive 
signal processing has been performed independently. 
Therefore, fading compensation can be performed more 
effectively. 

[0023] The invention as claimed in claim 3 is an 
adaptive array antenna characterized in that said adap- 
tive array antenna comprises a plurality of array anten- 
nas including a plurality of antenna elements which are 
spaced at intervals at which a large correlation is exhib- 
ited; said array antennas being spaced at intervals at 
which the correlation is negligible; at least an array 
antenna of said array antennas performing adaptive sig- 
nal processing; array antennas which do not perform 
adaptive signal processing referring to a result of said 
adaptive signal processing of other array antennas and 
adjusting phase and level of outputs of antenna ele- 
ments of said array antennas which do not perform 
adaptive signal processing. 

[0024] According to the invention as claimed in 
claim 3, the array antenna which does not perform 
adaptive array processing refers to the result of adaptive 
signal processing of other array antenna, and adjusts 
phase and level of outputs of antenna elements of the 
array antenna. Therefore, the total amount of calcula- 
tion can be decreased. 

[0025] The invention as claimed in claim 4 is the 
adaptive array antenna as claimed in one of claims 1 - 

3, wherein said adaptive signal processing is an interfer- 
ence suppression tracking type or a maximum gain 
tracking type. 

[0026] The invention as claimed in claim 4 defines 
details of the adaptive signal processing. 
[0027] The invention as claimed in claim 5 is the 
adaptive array antenna as claimed in one of claims 1 - 

4, wherein signals to which weights are assigned by 
said adaptive signal processing are synthesized before 
detection or after detection. 

[0028] According to the invention as claimed in 
claim 5, an appropriate method can be selected 
between synthesizing before detection and synthesiz- 
ing after detection according to a communication 
method. 

[0029] Further, the present invention has the follow- 
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ing means as means for achieving the second object. 
[0030] The invention as claimed in claim 6 is an 
adaptive array antenna characterized in that said adap- 
tive array antenna comprises: an array antenna having 
a plurality of antenna elements; a multi-beam synthesiz- £ 
ing circuit for synthesizing multiple beams; a calibration 
signal coupling part, provided between said multi-beam 
synthesizing circuit and said antenna element, for input- 
ting a calibration signal; a calibration signal generator; a 
calibration amount calculator; wherein said calibration 10 
signal generator applies a calibration signal output to 
said calibration signal coupling part, said calibration 
amount calculator calculating a calibration amount of 
each of receiving systems from baseband signals of 
said receiving systems connected to the outputs of said is 
multi-beam synthesizing circuit and performing calibra- 
tion of said receiving systems. 
[0031] According to the invention as claimed in 
claim 6, a calibration signal is applied to the calibration 
signal coupling part which is provided between the 20 
multi-beam synthesizing circuit and an antenna ele- 
ment. And, the calibration amount is calculated for each 
receiving system from a baseband signal of the receiv- 
ing system which is connected to the output of the multi- 
beam synthesizing circuit and calibration is performed 25 
on the receiving systems. Accordingly, individual varia- 
tions between the calibration signals are eliminated 
such that reliable calibration can be realized. 
[0032] The invention as claimed in claim 7 is an 
adaptive array antenna characterized in that said adap- 30 
tive array antenna comprises: an array antenna having 
a plurality of antenna elements; a multi-beam synthesiz- 
ing circuit for synthesizing multiple beams; a calibration 
signal coupling part, provided between said multi-beam 
synthesizing circuit and said antenna elements, for 35 
inputting a calibration signal; a calibration signal gener- 
ator; a calibration amount calculator; wherein said cali- 
bration signal generator applies a calibration signal 
output to a plurality of said calibration signal coupling 
parts successively, said calibration amount calculator 40 
calculating a calibration amount for each of receiving 
systems from baseband signals of said receiving sys- 
tems connected to the outputs of said multi-beam syn- 
thesizing circuit every time said calibration signal output 
is applied to said calibration signal coupling part, and 45 
calibration to said receiving systems being performed 
by using a mean value of calculated calibration 
amounts. 

[0033] According to the invention as claimed in 
claim 7, calibration amount calculation of the receiving so 
system is performed a plurality of times and the mean 
value is used as the calibration amount of the receiving 
system. Therefore, more reliable calibration can be real- 
ized. 

[0034] The invention as claimed in claim 8 is the ss 
adaptive array antenna as claimed in one of claims 6 or 
7, wherein an FFT processing circuit is provided for per- 
forming calculation of multi-beam resolution within a 



base station in the outside of said receiving systems of 
said array antenna. 

[0035] According to the invention as claimed in 
claim 8, since the FFT processing circuit is provided for 
performing multi-beam resolution calculations within the 
base station, calibration and adaptive signal processing 
can be performed for each antenna element 
[0036] The invention as claimed in claim 9 is a cali- 
bration amount calculation method in a receiving sys- 
tem of an array antenna having a plurality of antenna 
elements, said calibration amount calculation method 
characterized by: applying a calibration signal gener- 
ated by a calibration signal generator to a calibration 
signal coupling part provided in one antenna element; 
sending said calibration signal to a plurality of said 
receiving systems by a multi-beam synthesizing circuit; 
and calculating a calibration amount of each of said 
receiving systems from baseband signals obtained by 
detecting calibration signals of said receiving systems. 
[0037] According to the invention as claimed in 
claim 9, individual variation between calibration signals 
are eliminated and reliable calibration can be per- 
formed. 

[0038] The invention as claimed in claim 1 0 is a cal- 
ibration amount calculation method in a receiving sys- 
tem of an array antenna having a plurality of antenna 
elements, said calibration amount calculation method 
characterized by: applying a calibration signal to calibra- 
tion signal coupling parts provided in a plurality of 
antenna elements successively; sending said calibra- 
tion signal to a plurality of said receiving systems by a 
multi-beam synthesizing circuit provided in an. array 
antenna simultaneously; calculating, by a calibration 
amount calculator connected to a plurality of said 
receiving systems, calibration amounts of said receiving 
systems from baseband signals obtained by detecting 
calibration signals of said receiving systems; using a 
mean value of said calibration amounts as a calibration 
amount of said receiving system. 
[0039] According to the invention as claimed in 
claim 10, calibration amount calculation of the receiving 
system is performed a plurality of times and the mean 
value is used as the calibration amount of the receiving 
system. Therefore, more reliable calibration can be real- 
ized. 

[0040] The invention as claimed in claim 1 1 is the 
calibration amount calculation method of said receiving 
systems of said adaptive array antenna as claimed in 
claim 9 or 10, wherein verification of calibration amount 
calculation is available by providing, in the outside of 
said receiving systems of said array antenna, an FFT 
processing circuit for performing calculation of multi- 
beam resolution within a base station. 
[0041] According to the invention as claimed in 
claim 1 1 , since the FFT processing circuit is provided for 
performing multi-beam resolution calculations within the 
base station, calibration and adaptive signal processing 
can be performed for each antenna element. In addi- 



5 



9 



EP 1 014 485 A1 



10 



tion, calibration amount calculation can be verified. 
[0042] The invention as claimed in claim 12 is a cal- 
ibration method for performing calibration of a receiving 
system of an array antenna by performing adaptive sig- 
nal processing, said calibration method characterized s 
by performing adaptive signal processing after subtract- 
ing said calibration amount calculated by the method 
claimed in claim 9 on 0 as an adaptive signal process- 
ing amount when performing adaptive signal processing 
for an adaptive array antenna. 10 
[0043] According to the invention as claimed in 
claim 12, calibration can be performed within adaptive 
signal processing without using waits for calibration. 

BRIEF DESCRIPTION QF THE DRAWINGS w 

[0044] Other objects, features and advantages of 
the present invention will be apparent by reading the fol- 
lowing description in conjunction with the accompany- 
ing drawings. 20 

Fig.1 is a configuration example (a first example) of 
an adaptive array antenna which has wide element 
spacing and narrow element spacing according to 
the present invention, and performs adaptive signal 25 
processing. 

Fig.2 is a configuration example (a second exam- 
pie) of an adaptive array antenna which has wide 
element spacing and narrow element spacing, and 
performs adaptive signal processing. 30 
Fig.3 is a configuration example (a third example) of 
an adaptive array antenna which has wide element 
spacing and narrow element spacing, and performs 
adaptive signal processing. 

Fig.4 is a configuration example (a first example) of 35 
an adaptive array antenna which performs calibra- 
tion processing of the present invention. 
Fig.5 is a configuration example (a second exam- 
ple) of an adaptive array antenna which performs 
calibration processing of the present invention. 40 
Fig.6 is a configuration example (a third example) of 
an adaptive array antenna which performs calibra- 
tion processing of the present invention. 
Fig.7 is a configuration example (a fourth example) 
of an adaptive array antenna which performs cali- 45 
bration processing of the present invention. 
Fig.8 is a configuration example of an adaptive 
array antenna which achieves a first object and a 
second object of the present invention. 
Fig.9 is a flowchart for explaining a method (a first so 
method) of calibration amount calculation. 
Fig.10 is a flowchart for explaining a method (a sec- 
ond method) of calibration amount calculation. 
Fig. 1 1 is a flowchart for explaining a method (a third 
method) of calibration amount calculation. 55 
Fig. 12 is a configuration example of a conventional 
adaptive array antenna (a first example) of narrow 
element spacing. 



Fig. 13 is a configuration example of a conventional 
adaptive array antenna of wide element spacing. 
Fig.14 is a configuration example of a conventional 
maximum ratio synthesizing type adaptive array 
antenna of wide element spacing. 
Fig. 15 is a configuration example of a conventional 
adaptive array antenna (a second example) of nar- 
row element spacing. 

Fig. 16 is a configuration example of a conventional 
interference suppression type adaptive array 
antenna of wide element spacing. 
Fig. 17 is a diagram for explaining a conventional 
calibration method. 

Fig. 18 is a diagram for explaining a calibration sig- 
nal coupling part. 

Fig.19 is a diagram for explaining an example of a 
multi-beam synthesizing circuit (butler matrix). 

PREFERRED EMBODIMENTS FOR CARRYING OUT 
THE INVENTION 

[0045] In the following, embodiments of the present 
invention corresponding to the first object will be 
described with reference to figures. 

(first embodiment) 

[0046] Fig. 1 shows the first embodiment which is an 
eight element array antenna. An array antenna #1 com- 
prises antenna elements 51-54 and an array antenna 
#2 comprises antenna elements 55-58. The spacing 
between the array antenna elements of the array 
antenna #1 and the array antenna #2 is about %J2. The 
array antenna #1 is placed at a distance (of several X$) 
from the array antenna #2 such that the correlation 
becomes small enough to be negligible. 
[0047] Signals from each of the antenna elements 
51-58 are synthesized by the signal adder 59 via the 
waits 81-88 which adjust phase and amplitude of 
antenna output and output. The wait of the waits 81-88 
is controlled by the adaptive signal processing device 
60. The adaptive signal processing may be the interfer- 
ence suppression tracking type or the maximum gain 
tracking type. 

[0048] In this example, all outputs from the eight 
elements are converted into baseband simultaneously 
and adaptive processing is performed. Calibration relat- 
ing to the second object of the present invention is nec- 
essary in each array antenna. However, it is not 
necessary between the array antennas. In a multipath 
environment, each array antenna can augment gain and 
can form the main beam. 

[0049] Concerning the array antennas, in this 
example, consider that uncorrected four element array 
antenna is added. Therefore, the same interference 
characteristics as shown in Fig. 16 can be obtained. 
That is, the array antenna has the capability of removing 
interference waves from the same direction. In addition, 
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since the array antenna is uncorrected, it has diversity 
effect pertaining to lading. In the algorithm of the array 
antenna, diversity, main beam tracking, removal of inter- 
ference waves can be performed together without con- 
cerning for the difference. 

(second embodiment) 

[0050] Fig.2 shows the second embodiment. The 
number of elements is eight which is the same as the 
first embodiment. The arrangement of the antenna is 
the same, but the signal synthesizing method is differ- 
ent. 

[0051 J Each of an array antenna #1 and an array 
antenna #2 operates according to an independent algo- 
rithm. That is, outputs from antenna elements 51-54 of 
the array antenna #1 are synthesized at a signal adder 
61 via waits 81-84. The waits 81 -84 are controlled by an 
adaptive signal processing device 63. Outputs from 
antenna elements 55-58 of the array antenna #2 are 
synthesized at a signal adder 62 via waits 85-88. The 
waits 85-88 are controlled by an adaptive signal 
processing device 64. The adaptive signal processing 
device 64 operates in isolation from the adaptive signal 
processing device 63. At this stage, since the correla- 
tion between antenna elements of each array antenna is 
high, fading can not be compensated for and the inter- 
ference waves from the same direction can not be 
removed. 

[0052] Baseband outputs of the signal adder 61 and 
the signal adder 62 are synthesized by the signal adder 
71 via waits 90, 91. The waits 90, 91 are controlled by 
an adaptive signal processing device 70. Since the 
envelopes of input signals of the adaptive array anten- 
nas are uncorrelated, the baseband outputs of the sig- 
nal adder 61 and the signal adder 62 are uncorrelated. 
Therefore, fading can be compensated for at this stage. 
In addition, each adaptive array antenna can remove 
interference waves from the same direction at this 
stage. 

(third embodiment) 

[0053] Fig.3 shows the third embodiment. The con- 
figuration is the same as that of the second embodi- 
ment. However, each of the four element adaptive array 
antennas does not operate independently. That is, the 
same adaptive signal processing device 69 controls 
waits 81-84 of antenna elements 51-54 of an array 
antenna #1 and waits 85-88 of antenna elements 55-58 
of an array antenna #2. A two element algorithm of the 
after stage selects adaptively an adaptive array antenna 
to be operated by determining magnitude of the power 
of the array antennas. By referring to waits of one side, 
calculation amount is decreased. 
[0054] In the above-mentioned embodiment, the 
spacing of the antenna elements is XI2, which is a dis- 
tance for exhibiting very high correlation. However, the 



distance is not necessarily exactly X /2. The distance 
may be around X/2 as long as the effect of the present 
invention can be obtained. The spacing between the 
array antennas is large enough for making the correla- 
5 tion low enough. "The correlation low enough" does not 
mean no correlation. The correlation may be substan- 
tively small enough as long as the effect of the present 
invention can be obtained. 

[0055] In addition, the present invention is not lim- 
io Hed to the above-mentioned embodiment, that is, the 
configuration of eight antenna elements and two array 
antennas. 

[0056] In the following, embodiments of the present 
invention corresponding to the second object will be 
is described with reference to figures. * 

(fourth embodiment) 

[0057] The fourth embodiment takes a configura- 
te tion wherein an after-mentioned multi-beam synthesiz- 
ing circuit is provided after the array antenna, signals 
are transmitted to an indoor part of the base station via 
cables, and the signals are extracted as element out- 
puts after performing after-mentioned FFT by base- 
25 band. A calibration signal is input from a calibration 
signal coupling part which is located between the array 
antenna and the multibeam synthesizing circuit. 
[0058] The characteristics of this method are that a 
signal input to an element antenna is transmitted to the 
30 indoor part of the base station after being distributed to 
all cables via the multi bean synthesizing circuit. When 
a signal is input in the multi-beam synthesizing circuit, 
signals which have a constant phase difference are out- 
put at a plurality of output terminals. That is, it becomes 
35 possible to calibrate receiving systems for actual signals 
by one signal. Here, the receiving system is a series of 
receiving circuits connected to the output of the multi- 
beam synthesizing circuit. That is, the receiving system 
is a system including a filter, a high frequency amplifier, 
40 a mixer, a filter, an intermediate frequency amplifier and 
an AD converter. 

[0059] Fig.4 shows the fourth embodiment. The 
number of elements of the array antenna is four (#1 -#4). 
A signal from a calibration signal generator 101 is 

45 applied to the multi-beam synthesizing circuit 1 52 via a 
calibration signal input terminal 150. The multi-beam 
synthesizing circuit 152 is a four element butler matrix 
as shown in Fig. 19. The butler matrix is configured by 
hybrids 181-184. Since it is well known, a description of 

so the operation will not be provided. The outputs from the 
multi -beam synthesizing circuit 1 52 are applied to filters 
103-106, high frequency amplifier 107-1 10 and a distri- 
bution and synthesizing part 134. The signals distrib- 
uted here are AD-converted via mixers 111-114, filters 

55 1 15-1 18 and intermediate frequency amplifier 1 19-122. 
In addition, FFT (Fast Fourier Transform) is performed 
on the signals after waits are added by waits 128-131 
such that the signals are converted to normal signals of 
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an adaptive array antenna. FFT (Fast Fourier Trans- 
form) 153 performs conversion which is reverse to that 
of the multibeam synthesizing circuit. That is, the signal 
of the calibration signal input terminal 150 is converted 
by the multi-beam synthesizing circuit 152 and is output 
to the filters 103-106 with a constant phase. The FFT 
here performs reverse conversion of that. As shown 
Fig.4, since the calibration signal is applied only to the 
receiving system #4, a signal appears only on the 
receiving system #4 if calibration is properly performed. 
[0080] In the same way as shown in Fig. 17, a cali- 
bration amount calculator 154 calculates the calibration 
amount. An adaptive signal processing device 155 
stores the calibration amount in a calibration table (not 
shown in the figure) and controls waits 128-131 by sub- 
tracting the calibration amount when performing adap- 
tive signal processing. 

[0061 ] The calibration may be performed by provid- 
ing a wait for the calibration other than the waits for 
adaptive signal processing and controlling phase and 
amplitude of the wait for the calibration. 
[0082] According to the fourth embodiment, the sig- 
nal from the calibration signal generator is input to the 
calibration signal input terminal 150 between the 
antenna element #4 and the multi-beam synthesizing 
circuit 152, output from the four different output termi- 
nals by the multi-beam synthesizing circuit 152 with dif- 
ferent phases and transmitted to each receiving system. 
[0083] Therefore, since the individual variation 
between the calibration signals does not exist, highly 
reliable calibration can be performed by monitoring 
whether the phase relation is kept at a baseband part. 

(fifth embodiment) 

[0064] In the fourth embodiment, if the calibration 
signal is applied to the remaining antenna elements, 
signals having another phase relation appear at a plu- 
rality of terminals. In the fifth embodiment, by applying 
the calibration signal to a plurality of antennas in such a 
way, a plurality of calibration value can be obtained. 
Then, reliable calibration can be performed by averag- 
ing the result. Since the multi-beam outputs are synthe- 
sized just after the array antenna in the same way as the 
fourth embodiment, signals are transmitted to each 
receiving system while keeping the phase amplitude 
relation between antenna elements. That is, the pattern 
of each beam is preserved without being disturbed. 
Only phase ratio and phase difference between beams 
are disturbed. Only the value between the beams needs 
to be calibrated. 

[0065] Fig.5 shows the fifth embodiment. Fig.5 
shows a configuration which is almost the same as that 
of the fourth embodiment. The difference is that calibra- 
tion signals are input via four routes in the fifth embodi- 
ment. That is, antenna elements have calibration signal 
input terminals 166-169. The output from the calibration 
signal generator 101 is applied successively to the ter- 



minals 166-169 by using a switching circuit 161 . That is, 
the output from the calibration signal generator 101 is 
applied to the calibration signal input terminals 1 66-169 
successively. At this time, function of the calibration sig- 

5 nal applied to each calibration signal coupling part is the 
same as that of the calibration signal in Fig.4. A calibra- 
tion amount calculator 170 calculates the calibration 
amounts based on the calibration signal applied suc- 
cessively and calculates a mean value of the calibration 

10 amounts after a cycle. The mean value is used as the 
calibration amount for use. 

[0066] In the fifth embodiment, each of the calibra- 
tion signals of the four routes is applied to a calibration 
signal input terminal of four calibration signal input ter- 

15 minals with different phase relation. By calibrating by 
switching the tour routes, reliability is improved since the 
average of the calibration amounts is available. In this 
case, since the calibration signals of the four routes are 
not used simultaneously, calibration accuracy is not 

20 affected even when the calibration cables have individ- 
ual variations. 

(sixth embodiment) 

25 [0067] In the case wherein the multi -beam output is 
used as it is, the FFT circuit of the after stage is not nec- 
essary and the configuration becomes simpler. 
[0068] Fig. 6 shows the sixth embodiment. The 
embodiment is an example of a configuration of an 

30 adaptive array antenna of a beam space type using a 
multi -beam synthesizing circuit. As compared with the 
fourth embodiment, the sixth embodiment does not 
have the FFT circuit. 

35 (seventh embodiment) 

[0069] Fig.7 shows the seventh embodiment. Simi- 
lar to the sixth embodiment, the seventh embodiment is 
an other example of a configuration of an adaptive array 
40 antenna of a beam space type using a multi-beam syn- 
thesizing circuit. As compared with the fifth embodi- 
ment, the seventh embodiment does not have the FFT 
circuit. 

[0070] In the following, flowcharts of representative 
45 calibration amount calculation methods will be 
described. 

[0071 ] Fig.9 is a flowchart of the calibration amount 
calculation method in the case wherein the calibration 
signal is applied to one antenna element. 

so [0072] The calibration signal generated by the cali- 
bration signal generator is applied to the calibration sig- 
nal coupling part which is provided in the antenna 
element (S10). The calibration signal is sent to a plural- 
ity of receiving systems simultaneously by the multi- 

55 beam synthesizing circuit (S11). Then, the calibration 
signal is detected in each of the plurality of receiving 
systems (S12). Finally, the calibration amounts of the 
receiving systems are calculated (S13). 
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[0073] Fig. 10 is a flowchart of the calibration 
amount calculation method in the case wherein the cal- 
ibration signal is applied to a plurality of antenna ele- 
ments. 

[0074] The calibration signal is applied to the cali- s 
bration signal coupling parts provided in a plurality . of 
antenna elements successively and it is determined 
whether the calibration signal is applied to every 
antenna element (S20). If NO, the calibration signal is 
sent to a plurality of receiving systems simultaneously 10 
by the multi-beam synthesizing circuit (S21). Then, the 
calibration signal is detected in each of the plurality of 
receiving systems and the calibration amounts of each 
receiving system are calculated (S22). The process is 
repeated until the calibration signal is applied to every is 
antenna element. When the calibration signal is applied 
to every antenna element (YES in S20), the mean value 
of the calibration amounts is regarded as the calibration 
amount (S23). 

[0075] Fig.11 is a flowchart of the calibration 20 
amount calculation method in the case wherein the FFT 
processing circuit is provided outside of the receiving 
system of the array antenna for performing multi-beam 
resolution calculation in the base station. 
[0076] For example, as shown in Fig.9, the calibra- 25 
tion amount is calculated for each antenna element 
(S30). At the time, a signal of a receiving system of the 
array antenna which is not calibrated is checked such 
that the calibration amount calculation is verified (S31). 
[0077] As mentioned above, according to the 30 
embodiments of the present invention, it becomes pos- 
sible to achieve gain of the array antenna, track beam, 
have diversity effects and suppress the interference 
waves from the same direction. 
[0078] In addition, the amount of signal processing 35 
can be decreased. As a result, the application field of 
the array antenna can be extended. 
[0079] Further, according to the above-mentioned 
embodiments, it is possible to calibrate a plurality of sys- 
tems of a current transmission system by using only one 40 
calibration signal route. By using calibration signals of a 
plurality of routes, more reliable calibration result can be 
obtained since the calibration data can be averaged. 
When multi-beam output is used as it is herein, the FFT 
circuit in the after stage is not necessary and the config- 45 
uration becomes simpler. 

[0080] Next, a configuration of an array antenna 
which can achieve both of the first object and the sec- 
ond object of the present invention is shown in Fig.8. 
[0081] The configuration includes array antennas so 
#1, #2, multi-beam circuits 201, 202, #1-#4 of receiving 
systems 203, #1-#4 of receiving systems 204, calibra- 
tion signal generators 205, 206. calibration amount cal- 
culator 207, 208, an adaptive signal processing device 
209, calibration signal coupling parts 210, 211, waits 55 
21 2 and a signal adder 21 3. The configuration is not lim- 
ited to that shown in Fig.8. Combinations from Fig.1- 
Fig.3 and Fig.4-Fig.7 can be used. 



[0082] The array antennas #1 , #2 are array anten- 
nas each of which array antenna has a plurality of 
antenna elements spaced at intervals at which the cor- 
relation is high. The spacing between the array anten- 
nas #1 , #2 has a distance such that correlation can be 
negligible. 

[0083] The operation can be considered as the 
combination of the operations of Fig.1-Fig.3 and Fig.4- 
Fig.7. Therefore, the description of the operation will not 
be given. 

[0084] The adaptive signal processing device 209 
may perform adaptive signal processing by using an 
adaptive signal processing amount obtained by sub- 
tracting the calibration amount calculated by the calibra- 
tion amount calculators 207, 208. 
[0085] The present invention is not limited to the 
specifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
scope of the invention. 

Claims 

1. An adaptive array antenna characterized in that 
said adaptive array antenna comprises a plurality of 
array antennas including a plurality of antenna ele- 
ments which are spaced at intervals at which a 
large correlation is exhibited; 

wherein said array antennas are spaced at 
intervals at which the correlation is negligible; 
and 

outputs of said antenna elements being con- 
verted into baseband and adaptive signal 
processing being performed on said antenna 
elements simultaneously. 

2. An adaptive array antenna characterized in that 
said adaptive array antenna comprises a plurality of 
array antennas including a plurality of antenna ele- 
ments which are spaced at intervals at which a 
large correlation is exhibited; 

said array antennas being spaced at intervals 
at which the correlation is negligible; 
each of said array antennas performing adap- 
tive signal processing independently; 
each output of said array antennas processed 
by adaptive signal processing being further 
processed by adaptive signal processing. 

3. An adaptive array antenna characterized in that 
said adaptive array antenna comprises a plurality of 
array antennas including a plurality of antenna ele- 
ments which are spaced at intervals at which a 
large correlation is exhibited; 

said array antennas being spaced at intervals 
at which the correlation is negligible; 
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at least an array antenna of said array anten- 
nas performing adaptive signal processing; 
array antennas which do not perform adaptive 
signal processing referring to a result of said 
adaptive signal processing of other array s 
antennas and adjusting phase and level of out- 
puts of antenna elements of said array anten- 
nas which do not perform adaptive signal 
processing. 

10 

4. The adaptive array antenna as claimed in one of 
claims 1 - 3, wherein said adaptive signal process- 
ing is an interference suppression tracking type or a 
maximum gain tracking type. 

15 

5. The adaptive array antenna as claimed in one of 
claims 1 - 4, wherein signals to which weights are 
assigned by said adaptive signal processing are 
synthesized before detection or after detection. 

20 

6. An adaptive array antenna characterized in that 
said adaptive array antenna comprises: 

an array antenna having a plurality of antenna 
elements; 25 
a multi-beam synthesizing circuit for synthesiz- 
ing multiple beams; 

a calibration signal coupling part, provided 
between said multi-beam synthesizing circuit 
and said antenna element, for inputting a cali- 30 
bration signal; 

a calibration signal generator; 
a calibration amount calculator; 
wherein said calibration signal generator 
applies a calibration signal output to said cali- 35 
bration signal coupling part, 
said calibration amount calculator calculating a 
calibration amount for each of receiving sys- 
tems from baseband signals of said receiving 
systems connected to the outputs of said mutti- 40 
beam synthesizing circuit and performing cali- 
bration to said receiving systems. 

7. An adaptive array antenna characterized in that 
said adaptive array antenna comprises: 45 

an array antenna having a plurality of antenna 
elements; 

a multi-beam synthesizing circuit for synthesiz- 
ing multiple beams; 50 
a calibration signal coupling part, provided 
between said multi-beam synthesizing circuit 
and said antenna element, for inputting a cali- 
bration signal; 

a calibration signal generator; 55 
a calibration amount calculator; 
wherein said calibration signal generator 
applies a calibration signal output to a plurality 



of said calibration signal coupling parts succes- 
sively, 

said calibration amount calculator calculating a 
calibration amount for each of the receiving 
systems from baseband signals of said receiv- 
ing systems connected to the outputs of said 
multi-beam synthesizing circuit every time said 
calibration signal output is applied to said cali- 
bration signal coupling part, and calibration to 
said receiving systems being performed by 
using a mean value of calculated calibration 
amounts. 

8. The adaptive array antenna as claimed in one of 
claims 6 or 7, wherein an FFT processing circuit is 
provided for performing calculation of multi-beam 
resolution within a base station in the outside of 
said receiving systems of said array antenna. 

9. A calibration amount calculation method in a receiv- 
ing system of an array antenna having a plurality of 
antenna elements, said calibration amount calcula- 
tion method characterized by: 

applying a calibration signal generated by a 
calibration signal generator to a calibration sig- 
nal coupling part provided in one antenna ele- 
ment; 

sending said calibration signal to a plurality of 
said receiving systems by a multi-beam syn- 
thesizing circuit; and 

calculating a calibration amount of each of said 
receiving systems from baseband signals 
obtained by detecting calibration signals of said 
receiving systems. 

1 0. A calibration amount calculation method in a receiv- 
ing system of an array antenna having a plurality of 
antenna elements, said calibration amount calcula- 
tion method characterized by: 

applying a calibration signal to calibration sig- 
nal coupling parts provided in a plurality of 
antenna elements successively; 
sending said calibration signal to a plurality of 
said receiving systems by a multi-beam syn- 
thesizing circuit provided in an array antenna 
simultaneously; 

calculating, by a calibration amount calculator 
connected to a plurality of said receiving sys- 
tems, calibration amounts of said receiving 
systems from baseband signals obtained by 
detecting calibration signals of said receiving 
systems; 

using a mean value of said calibration amounts 
as a calibration amount of said receiving sys- 
tem. 
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11. The calibration amount calculation method of said 
receiving systems of said adaptive array antenna 
as claimed in claim 9 or 10, wherein verification of 
calibration amount calculation is available by pro- 
viding, in the outside of said receiving systems of 5 
said array antenna, an FFT processing circuit for 
performing calculation of multi-beam resolution 
within a base station. 

1 2. A calibration method for performing calibration of a 10 
receiving system of an array antenna by performing 
adaptive signal processing, said calibration method 
characterized by performing adaptive signal 
processing after subtracting said calibration 
amount calculated by the method claimed in claim 9 15 
or 10 as an adaptive signal processing amount 
when performing adaptive signal processing for an 
adaptive array antenna. 

20 
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